.28 (1H, br s, H-10b); 6.57 (1H, br s, H-14c), 6 .63 (1H, br s, H-10c)], and a set on 3,5-dihydroxyphenyl group [d 6.13 (2H, d, Jϭ2.0 Hz, H-10a, 14a), 6 .19 (1H, t, Jϭ2.0 Hz, H-12a)]. The spectrum also showed the presence of a set of protons on a 1,2,4-trisubtituted benzene ring in an ABX system [d 6.42 (1H, d, Jϭ2. 4 Hz, H3c), 6 .34 (1H, dd, Jϭ2. 4 H COSY) and correlation spectroscopy involving long-range coupling (COLOC).
The following correlations C-2a(6a)/H-7a, C-10a(14a)/H-8a, C-2b(6b)/H-7b, C-10b(14b)/H-8b, C-2c(6c)/H-7c, and C10c(14c)/H-8c observed in the COLOC spectrum ( Fig. 2 ) and H-2a(6a)/H-7a, H-10a(14a)/H-8a, H-2b(6b)/H-7b, H10b(14b)/H-8b, H-6c/H-7c, and H-10c(14c)/H-8c in the long-range 1 H-1 H COSY spectrum (Fig. 3) revealed the linkages of C-1a/C-7a, C-9a/C-8a, C-1b/C-7b, C-9b/C-8b, C1c/C-7c, and C-9c/C-8c, respectively. The correlations be- Three stilbene trimers (gnemonols D, E, F) were isolated from the root of Gnetum gnemon. The structures were determined by spectroscopic analysis. In addition, the antioxidant activity of the compounds on lipid peroxide inhibition and super oxide scavenging activity were also investigated.
Three New Trimeric Stilbenes from Gnetum gnemon
Key words Gnetum gnemon; Gnetaceae; stilbene trimer; antioxidant activity H-1 H Long-Range COSY and NOESY Spectra of 1 tween C-12b/H-8a and C-11c(12c)/H-8b in the COLOC spectrum showed that a resveratrol unit A is connected to a second resveratrol unit B which in turn is connected to a third resveratrol unit C through C-8a/C-12b and C-8b/C-12c, respectively. The correlation of a quaternary carbon at d 156.9 (C-2c) with an olefinic proton at d 7.33 (H-7c) in the COLOC spectrum showed that a hydroxyl group is substituted at C-2c on ring C 1 , which is also supported by the upper field chemical shift of C-1c (d 117.2) and the appearance of a set of protons in an ABX system. The presence of the dihydrofuran ring (7b-8b-12c-11c-O) was deduced by the correlation of C-11c/H-7b in the COLOC spectrum. The existence of a second dihydrofuran ring (7a-8a-12b-11b-O) was revealed from the molecular formula and degrees of unsaturation. The compound showed a close resemblance to gnetin E, 14) except for the presence of an additional hydroxyl group attached to ring C 1 . The correlations between H-2a(6a)/H-8a, H-10a(14a)/H-7a, H-2b(6b)/H-8b, and H-10b(14b)/H-7b in the nuclear Overhauser and exchange spectroscopy (NOESY) spectrum showed a trans orientation of the two dihydrofuran rings. The relative structure of 1 was drawn in relation to gnetin E.
Gnemonol E (2), [a] D ϭϪ14°, reacted positively with Gibbs reagent. The molecular formula of C 42 H 32 O 10 was deduced by high-resolution negative FAB-MS (m/z 695.1921). All protonated and quaternary carbons in 2 were assigned with the help of 13 C-1 H COSY, COLOC (Fig. 4) , and longrange (Fig. 5) experiments. The 1 H-NMR spectra of 2 showed a similar set of protons as that of 1, but in the case of 2, C-2b on ring B 1 is substituted with a hydroxyl group instead of C-2c on ring C 1 as in 1. The correlations between C-2c(6c)/H-7c, C-1c/H-8c, and C-2b/H-7b, and a relatively upper field (d 120.6) C-1b/H-8b,OH-2b in the COLOC spectrum (Fig. 4) and the correlations in the long-range 1 H-1 H COSY spectrum (Fig. 5 ) between H2c(6c)/H-7c and H-6b/H-7b revealed that the ABX-coupled proton system was related to ring B 1 instead of ring C 1 as in compound 1. The relative stereochemistry of chiral centers at two dihydofurans was determined in a NOESY experiment (Fig. 5) 1 , B 1 ), a 1,2,3 ,5-tetrasubstituted benzene ring (ring C 2 ), a 1,2,3,4,5-pentasubstituted benzene ring (ring B 2 ), a 1,2,4-trisubstituted benzene ring (ring C 1 ), and a 3,5-dihydroxyphenyl group (ring A 2 ). A pair of mutually coupled methine protons (H-7a/8a), and a set of mutually coupled methine and methylene (H-7c/H-8c) along with signals of eight phenolic hydroxyl groups were also seen in the spectrum. The correlations observed in the heteronuclear multiple-bond connectivity (HMBC) spectrum (Fig. 6 ) between H-7a/C-2a(6a), H-8a/C-10a(14a), H-7b/C2b(6b), H-14b/C-8b, H-7c/C-2c(6c), and H-7c/C-9c and the correlations in the long-range 1 H-1 H COSY spectrum (Fig.  7 ) between H-2a(6a)/H-7a, H-10a(14a)/H-8a, H-2b(6b)/H7b, H-14b/H-8b, H-6c/H-7c, and H-14c/H-8c revealed the following linkages C-1a/C-7a, C-8a/C-9a, C-1b/C-7b, C8b/C-9b, C-1c/C-7c, and C-8c/C-9c, respectively. The correlations also observed in the HMBC spectrum between H8a/C-12b(11b), H-8b/C-10c, and H-7c/C-9b(11b) revealed the respective connections of C-8a/C-12b, C-8b/C-10c, and C-7c/C-10. The correlations of H-3c, H-5c, H-7c, and OH-3c with a quaternary carbon at d 120.7 (C-1c) in the HMBC spectrum confirmed the position of the hydroxyl group to be at C-2 on ring C 1 , which is supported by the appearance of a set of protons in an ABX system on a 1,2,4-trisubstituted benzene ring (ring C 1 ) and the upper field shift of C-1c. In the NOESY experiment (Fig. 7) , the correlations [H-7a/H- a-viniferin (3.0, 6.0, 10.0), 16) and ampelopsin A (11.7).
17)
The H-8b (b) and H-7c (a) configurations were deduced by the correlation between H-8b/H-6c observed in the NOESY experiment and subsequently allowed the relative structure of 3 to be drawn as in Fig. 1 . However, no NOE was observed between H-7a(8a) and H-7b(8b) nor H-7c(8c) to allow the complete relative structure of 3 to be determined. Compounds 1, 2, and 3 showed super oxide scavenging activity 18) at 60, 72, and 13 mM (IC 50 ) respectively, and in lipid peroxide inhibitory activity, 19, 20) 2 exhibited inhibitory activity at 47 mM (IC 50 ). The results of some other stilbenoids isolated in Gnetum species are listed in Table 2 . The super oxide scavenging activity and lipid peroxide inhibition showed by the compounds, in addition to other activities such as blood sugar reduction and antiinflammatory activities exhibited by other stilbenoids also found in abundance in Gnetum species, revealed that the Gnetaceous plants are an important functional food.
Experimental
General Methods 1 H-and 13 C-NMR spectra were recorded on EX-400 (JEOL) and AL-300 spectrometers. Chemical shift values are shown as d values with tetramethylsilane (TMS) as an internal reference. Peak multiplicities are quoted in Hertz. Negative-ion FAB-MS were measured on a JMS-DX 300 spectrometer equipped with a JMA 3500 data analysis system (JEOL), and optical rotations were recorded on a P-1020 (JASCO) polarimeter. UV spectra were recorded on a UV 2200 spectrometer (Shimadzu). Silica gel 60 (70-230 mesh, Merk), Sephadex L-H 20 (Pharmacia), and ODS (100-200 mesh, Fuji Silysia Chemical) were used for column chromatography. Kiesel-gel 60 254 (Merck) was used for analytical and preparative TLC.
Extraction and Isolation The dried root of G. gnemon (2.0 kg), collected in April 2001 in the Bogor Botanical Garden, Indonesia, was powdered and extracted successively with acetone and methanol. The acetone extract of G. gnemon (60 g) was chromatographed on silica gel eluted with a mixture of CHCl 3 /CH 3 OH with increasing polarity to give 11 fractions (fr. A-K). Fr. D was subjected to VLC on ODS eluted with CH 3 a) Ͼ100 mM.
